Oropharyngeal squamous cell carcinoma (SCC) is frequently related to high risk human papillomavirus. This tumor expresses p16, frequently has a nonkeratinizing morphology, and has improved outcomes. Despite having a good prognosis, tumors can have focal or diffuse nuclear anaplasia or multinucleation, the significance of which is unknown. From a database of 270 oropharyngeal SCCs with known histologic typing (using our established system) and p16 immunohistochemistry, all surgically resected cases (149) were reviewed. Anaplasia was defined as any Â 40 field with Z3 tumor nuclei with diameters Z5 lymphocyte nuclei (B25 mm), and multinucleation was defined as any Â 40 field with Z3 tumor cells with multiple nuclei. p16 was positive in 128 cases (85.9%), 64 cases (43.0%) showed anaplasia, and 71 (47.7%) showed multinucleation. Anaplasia and multinucleation were highly related (P < 0.001), and both also correlated with histologic type (P < 0.001 and P = 0.01, respectively), p16 status (P = 0.09 and 0.03, respectively), and partially with nodal extracapsular extension. There was no correlation with any of the other variables. In univariate analysis, cases showing anaplasia or multinucleation had worse overall, disease-specific, and disease-free survival (P < 0.006 for all). Higher T-stage, keratinizing histologic type, extracapsular extension, and smoking also all correlated with worse survival.
O ver the past several decades, a distinct type of oropharyngeal squamous cell carcinoma (SCC), which is associated with transcriptionally active, high-risk human papillomavirus (HPV), has been recognized and increasingly well characterized. 1, 4 It is now very clear that the incidence of these tumors is steadily increasing, 23 whereas that of most other head and neck SCC types is decreasing, likely because of decreasing smoking rates. 14, 31, 33 Because of its relationship to an infectious agent and its incidence pattern, HPV-related oropharyngeal SCC has been termed by many as constituting a cancer "epidemic." 21, 23, 33 The biology of HPV in these tumors and its association with clinical outcomes have also been increasingly well characterized over the past decade. On the basis of abundant retrospective 20, 25, 37 and more recent prospective data, 4, 28 HPV-related oropharyngeal SCC is now recognized as a unique disease, having different patient demographics, a distinct molecular profile, and a significantly better prognosis, 34 regardless of primary treatment type, whether primary surgery, induction chemotherapy, or definitive radiation or chemoradiation. 10, 20, 27, 36 The morphology is also distinct, with HPV-related SCCs usually classified as nonkeratinizing (NK). 7, 20 Many advocate for p16 immunohistochemistry as a screening test to be followed by, when positive, an HPVspecific test such as DNA in situ hybridization, polymerase chain reaction, or potentially both. 6, 24, 29 There is an emerging view, however, that the strong risk stratification for patient survival provided by p16 immunohistochemistry in oropharyngeal SCC, and its practicality (being widely available clinically), make it a very suitable single marker for defining a patient's tumor as having the HPV biological signature and thus unique biology and prognosis. 20, 26, 28, 30, 36 However, this is an area in which best practice is still being delineated. 6 The therapies for head and neck SCC are associated with substantial morbidity (and occasionally even mortality). As the proportion of good prognosis HPV-related oropharyngeal SCCs among all head and neck SCCs has been increasing, many have been calling for changes and for instituting studies to investigate either decreasing the doses of therapy or using alternative therapies for these patients. 2, 24 As such, it is becoming clear that we need to be able to identify those patients under the larger umbrella of p16 positive/HPV-related oropharyngeal SCC who do not have a cancer of an indolent nature with good prognosis. Identifying prognostic subgroups among the HPV-related cases would allow for the lower-risk patients to be treated less intensively, whereas the higher-risk patients can be given the more traditional, more intense therapies that are appropriate to their cancers. However, very few factors have been shown to correlate with disease recurrence in just the p16 positive/HPV-related SCC patients. Clinical features such as T-stage and active smoking status do so, to an extent. 4, 27, 36, 12 Although many molecular changes have been associated with worse prognosis in oropharyngeal SCC, very few molecular changes in just the HPV-positive cohorts have been shown to stratify outcomes. 9 It is clear that better markers are needed, and, in particular, we need a better understanding of the biological heterogeneity among p16 positive/HPV-related oropharyngeal SCC cases.
Recently, we have observed cases of NK SCC that have focal or diffuse nuclear anaplasia and/or tumor cell multinucleation. As NK SCC is typically associated with a favorable prognosis, the presence of such markedly atypical cells seems paradoxical. In many other malignancies, the presence of anaplasia is a major adverse prognostic indicator. Thus, we sought to explore whether this tumor cell anaplasia and multinucleation had any correlation with other clinical or pathologic features or with patient outcomes in oropharyngeal SCC, and specifically amongst just the subset of p16 positive/HPVrelated cases.
MATERIALS AND METHODS
Cases of oropharyngeal SCC were identified from Human Research Protection Office-approved clinical databases from the Departments of Radiation Oncology and Otolaryngology Head and Neck Surgery at Washington University to develop a database of approximately 275 tumors. 20 For the surgically treated patients, all cases were done so for primary disease, and none of them received radiation or any other cancer therapy before surgery. Also, none of the patients was treated differently based on their tumor HPV or p16 status. All patients who received radiation received intensity-modulated radiation therapy.
From this larger database, we included all patients who underwent surgical resection of their primary tumors and corresponding cervical nodal metastases (if present) and for whom all slides were available for us for review (to assure that we had histologically reviewed all, or at least the majority of, the patients' tumor tissue). We excluded all patients who had undergone biopsy followed by definitive radiation and/or chemotherapy as we could not confirm the presence or absence of specific histologic features in the overall tumors when only evaluating a small biopsy specimen.
Histologic Review for Tumor Typing
Hematoxylin and eosin slides of the cases were previously histologically typed using our established system 20,36 by a single study pathologist (J.S.L.). Keratinizing-type SCC (type 1) consists entirely of maturing squamous epithelium with no areas with NK or "basal" morphology ( Fig. 1A ). The cells have polygonal shapes with abundant, eosinophilic (keratinizing) cytoplasm, distinct cell borders, and intercellular bridges. The nests are usually angulated and irregular, and there is frequently marked stromal desmoplasia. Actual keratin formation is common but is not required as long as the cells have a prominent eosinophilic cytoplasm along with other features. NK SCC (type 3) consists of sheets, nests, or trabeculae of oval and frequently spindled, hyperchromatic cells with indistinct cell borders and absence of prominent nucleoli ( Fig. 1B) . They have very little or only modest amounts of eosinophilic cytoplasm. Comedo-type necrosis and brisk mitotic activity are usually present. There is typically no (or minimal) stromal reaction to the invading tumor. Portions of the tumor can show squamous maturation, characterized by polygonal cells with mature, eosinophilic cytoplasm, distinct cell borders, intercellular bridges, and keratin pearls, but these mature areas must constitute <10% of the total surface area. NK SCC with maturation ("hybrid SCC" or type 2) is an intermediate group and consists of definitive areas with NK SCC morphology but also having maturing squamous differentiation comprising >10% of total surface area (Fig. 1C ). These "maturing areas" have cells with more abundant, eosinophilic cytoplasm, nuclei with open chromatin and/or prominent nucleoli, irregular, angulated nests with stromal desmoplasia, or areas of frank keratinization. They also frequently show "reverse maturation" where the basal-appearing cells are central in the nests and the cells at the periphery show squamous maturation. Other rare histologic types such as basaloid, spindle cell, undifferentiated, and adenosquamous carcinoma were diagnosed on the basis of their published features and excluded. and J.S.L.) and classified as having nuclear anaplasia and/ or tumor cell multinucleation using specific definitions. Nuclear anaplasia was defined as any Â 400 magnification field (area = 0.2 mm 2 ) with Z3 nuclei with diameters equal to or wider than 5 lymphocyte nuclei (B25 mm) ( Fig. 2 ). Tumor cell multinucleation was defined as any Â 400 magnification field with Z3 tumor cells clearly having multiple nuclei ( Fig. 3 ). The location of the anaplasia or multinucleation focus (or foci) was recorded, whether within the primary tumor and/or in a nodal metastasis. The relative amount of the change present was also recorded using the classifiers of focal (scattered, rare foci meeting criteria), multifocal (many different foci meeting criteria), and diffuse (extensive areas meeting criteria). After independent review, all discrepant cases were resolved by consensus review by both pathologists together at the same microscope.
The node-positive cases had also been characterized for extracapsular extension in previous studies using an established classification system as: no extracapsular extension, simple extracapsular extension, and soft tissue metastasis (masses of tumor with no residual nodal tissue or architecture such as discrete lymphoid tissue with germinal centers or a subcapsular sinus). For soft tissue metastasis, we included any size of deposit, large or small, that was discrete, irregular, and without residual nodal architecture. All cases were classified on the basis of worst extent, and analysis was divided binarily into those with no extracapsular extension versus any pattern of extracapsular extension or those with no or simple extracapsular extension versus soft tissue metastasis, as previous analysis had shown these to be the only clinically significant cutoffs in oropharyngeal SCC. 25 p16 Immunohistochemistry p16 immunohistochemistry had been performed on all cases as previously published 20,36 on representative 4-mm-thick sections cut from formalin-fixed, paraffinembedded tissue blocks using a monoclonal antibody to p16 (MTM Laboratories; monoclonal; 1:1 dilution) on a Ventana Benchmark LT automated immunostainer (Ventana Medical Systems Inc., Tucson, AZ) according to standard protocols. Antigen retrieval, standard on the machine, used the Ventana CC1, EDTA-Tris, pH 8.0 solution. A known p16-expressing head and neck SCC case was used as the positive control, and sections of normal tonsil were used for negative controls with each run. Staining was nuclear and cytoplasmic in all cases and was graded binarily as positive if staining was present in >50% of the tumor cells and negative if no staining was present or if it was present in <50% of the tumor cells. This cutoff was chosen on the basis of the literature showing that only cases with extensive p16 expression have transcriptionally active HPV 19 and improved prognosis. 4
Statistical Analyses
We examined associations between anaplasia, multinucleation, and other clinical and pathologic variables of interest using the Pearson w 2 or Fisher exact tests as appropriate. The primary interest of the study was to investigate prognostic ability of variables for survival FIGURE 1 . Histologic types of oropharyngeal SCC, all lacking tumor cell anaplasia and multinucleation. A, Keratinizing-type SCC (type 1) showing angulated tumor nests in a desmoplastic stroma and with tumor cells showing abundant eosinophilic (keratinized) cytoplasm with patchy formation of actual keratin. B, NK SCC with maturation ("hybrid" or type 2) showing a tumor composed of large nests with rounded/smooth contours with little to no stromal reaction and composed predominantly of cells with little cytoplasm and hyperchromatic, round to oval nuclei with inconspicuous nucleoli. There is >10% maturing squamous differentiation with foci where the tumor cells have more abundant, eosinophilic cytoplasm. These maturing areas are predominantly at the periphery of the nests (so-called "reverse maturation"). C, NK SCC consisting of large nests of basophilic tumor cells with smooth borders and little to no stromal reaction. The tumor cells have round to oval, hyperchromatic nuclei with inconspicuous nucleoli and little cytoplasm. No significant maturing squamous differentiation is present (all images are at 200X magnification and hematoxylin and eosin stained). endpoints. Overall survival, disease-free survival, and disease-specific survival were defined as the time interval between the date of surgical resection of the patient's tumor and the date of death due to any cause, the date of death due to any cause or the date of first tumor recurrence, and the date of death for patients with known recurrent cancer, respectively. Empirical survival probabilities were estimated using the Kaplan-Meier product limit method and illustrated by Kaplan-Meier curves, whereas log-rank tests were used to examine survival differences, indicating the significance of a variable being prognostic for a survival endpoint. We also performed multivariate Cox proportional hazard models to investigate the independent prognostic ability of variables of interest after accounting for classic clinical variables, indicated by hazard ratios (HRs), associated 95% confidence intervals, and Wald test P-values. Proportional hazard assumption was examined by diagnostic graphics and tests. For the survival analyses, 6 years after surgery was used as the end of study time because of too few patients with at least 6 years of follow-up and to obtain reliable estimates of survival probability 6 years after surgery. All tests were 2 sided with the level for significance set at 0.05. All analyses were carried out using statistical software R 2.13.1 (http://www.r-project.org).
RESULTS
Demographic features of the 149 cases are presented in Table 1 . p16 immunohistochemistry was positive in 125 cases (85.9%). After consensus review, 64 cases (43.0%) met criteria for nuclear anaplasia and 71 (47.7%) for multinucleation. Anaplasia and multinucleation were highly related (P < 0.001; Supplementary Table 1 ,
Tumor cell anaplasia, defined as Z3 tumor cell nuclei in one HPF, which are equal to or wider than 5 lymphocyte nuclei (B25 mm) in diameter. A, A single high-power field of NK SCC (type 3) with 3 anaplastic tumor nuclei (arrows) in a background of smaller tumor nuclei. B, A single high-power field of a keratinizing-type SCC (type 1) with >3 anaplastic tumor nuclei (arrows) (both images at 400X magnification and are hematoxylin and eosin stained). Correlations between anaplasia and multinucleation and the major clinical and pathologic variables are presented in Table 1 . Anaplasia and multinucleation rates were statistically significantly different in keratinizingtype SCC (type 1) and NK SCC with maturation (type 2) compared with NK SCC (P < 0.001 for anaplasia and P = 0.01 for multinucleation). Anaplasia was focal in 4 of 16 (25.0%) of the keratinizing-type (type 1) SCCs that showed it, was focal in 2 of 18 (11.1%) of the NK SCCs with maturation (type 2), and was focal in 16 of 37 (43.2%) of the NK (type 3) SCCs. On comparing the rates between the keratinizing-type SCC and NK SCC with maturation tumors with NK SCC, the NK SCC were statistically significantly more likely to be only focal for anaplasia and multinucleation (P = 0.039). Among the other variables, anaplasia was more likely to be present in tumors from current or former smokers than in those from lifetime nonsmokers, although only borderline for statistical significance (P = 0.056). Among the cases with nodal metastases, tumor cell multinucleation was slightly more prevalent in cases with extracapsular extension than in those without (P = 0.004). Anaplasia and multinucleation were not correlated with any of the other major variables, most notably not with T-stage (as T1-2 vs. T3-4), N-stage (as N0 vs. N1-3), resection margin status, or postoperative treatment type (either radiation therapy or chemotherapy).
Survival Analysis
For the entire cohort, there was excellent patient survival with low rates of recurrent disease. The study population had an average clinical follow-up time of 4.1 years (range, 0.4 to 9.7 y; median 3.9 y) for surviving patients. Only 18 of the 149 patients (12.1%) suffered disease recurrence of any kind after surgery and postoperative therapy (if administered), and only 9 patients (6.1%) developed distant metastases. Patients whose tumors showed anaplasia suffered recurrence of their cancers in 10 of 64 cases (15.6%) compared with only 4 of 85 patients (4.7%) lacking anaplasia (P = 0.044). Patients whose tumors showed multinucleation suffered recurrence of their cancers in 13 of 71 cases (18.3%) compared with only 5 of 78 patients (6.4%) whose tumors lacked multinucleation (P = 0.042). Patients whose tumors showed only focal anaplasia and/or multinucleation had slightly lower rates of disease recurrence compared with patients with multifocal or diffuse anaplasia and/or multinucleation, but the differences were not statistically significant (P > 0.6 for each). Of the 9 patients who developed distant metastases, 7 (77.8%) had tumors with either anaplasia, multinucleation, or both.
Because the distribution/extent of the findings did not correlate significantly with disease recurrence, for the survival analysis we simply considered anaplasia and multinucleation as binary variables, either present or absent. Among the entire cohort, patients whose tumors did not have anaplasia had overall, disease-free, and disease-specific survival rates of 85%, 81%, and 99%, respectively, compared with 51%, 52%, and 81%, respectively, for those with tumors that had it. Patients whose tumors did not have multinucleation had overall, disease-free, and disease-specific survival rates of 84%, 81%, and 99%, respectively, compared with 53%, 51%, and 83%, respectively, for those with tumors that had it.
We also considered outcomes in just the p16-positive cohort (128 patients) because one of the major questions in current practice is how to determine which patients among this "best prognosis" group have cancers that are more likely to recur. There were 68 (53.1%) with anaplasia or multinucleation and 60 (46.9%) without. Those whose tumors did not have anaplasia had overall, disease-free, and disease-specific survival rates of 88%, 83%, and 99%, respectively, compared with 61%, 62%, and 86% for those whose tumors had it. Patients with p16-positive tumors that did not show multinucleation had overall, disease-free, and disease-specific survival rates of 88%, 85%, and 99%, respectively, compared with 61%, 59%, and 87%, respectively, for those whose tumors had it. This shows a consistent drop in survival rates when tumor cell anaplasia or multinucleation is present, both within the larger group and also amongst just the p16-positive tumors. Specifically for those patients with tumors lacking anaplasia and multinucleation, disease recurrence was minimal. Only 2 of the 54 patients (3.7%) with tumors lacking these features suffered disease recurrence of any kind (1 regional nodal recurrence and 1 distant metastasis). Both of these patients were p16 positive and NK histologic type (type 3).
Univariate survival analysis for the entire cohort (149 patients) is presented in Table 2 . Patients with tumors showing anaplasia had worse overall, disease-free, and disease-specific survival (P < 0.001, P = 0.006, and P = 0.002, respectively; Fig. 4 ). Patients with tumors showing multinucleation also had worse overall, diseasefree, and disease-specific survival (P = 0.001, 0.002, and 0.005, respectively; Fig. 4 ). Patients with tumors showing either anaplasia or multinucleation or both also had worse overall, disease-free, and disease-specific survival (P = 0.003, 0.007, and 0.005, respectively). Among the other major clinical and pathologic variables, patients with higher T-stage tumors had statistically significant worse overall, disease-free, and disease-specific survival. Binary p16 immunohistochemical status also correlated strongly with worse overall and disease-free survival and showed a strong trend toward worse disease-specific survival. Current or former smoking status correlated with worse overall and disease-free, but not disease-specific, survival. Among the node-positive cases, extracapsular extension, considered binarily as no extracapsular extension versus any pattern of extracapsular extension or as no or simple extracapsular extension versus soft tissue metastasis, correlated strongly with worse overall, disease-free, and disease-specific survival as well. None of the other clinical or pathologic features showed any statistical correlations with survival.
Univariate survival analysis in only the p16-positive cohort (128 patients) showed that the presence of anaplasia still statistically significantly correlated with worse overall and disease-specific survival (P = 0.008 and 0.01, respectively) and showed a strong trend toward worse disease-free survival (P = 0.057). Multinucleation still correlated with worse overall, disease-free, and diseasespecific survival (P = 0.005, 0.010, and 0.017, respectively). All of the remaining variables other than T-stage and extracapsular extension lacked any statistically significant correlation with outcomes in this select cohort. Higher T-stage correlated with worse overall, disease-free, and disease-specific survival (P = 0.004, 0.005, and 0.012, respectively). Among the node-positive cases, extracapsular extension of any degree correlated with worse overall and disease-free survival (P = 0.019 and 0.007, respectively). The presence of soft tissue metastasis correlated with worse overall, disease-free, and disease-specific survival (P = 0.002, P < 0.001, and P = 0.004, respectively).
Univariate survival analysis comparing the 21 cases that were p16 negative with the 60 p16-positive cases without anaplasia or multinucleation and the 68 p16positive cases with anaplasia or multinucleation ( Fig. 5 ) showed statistically significantly better overall, diseasefree, and disease-specific survival for the p16-positive tumors without anaplasia or multinucleation compared with the p16-negative cohort (P < 0.001 for all). Overall and disease-free survival rates were also statistically significantly better for the p16-positive cases with anaplasia or multinucleation than for the p16-negative cases (P = 0.002 and 0.003, respectively). Interestingly, however, disease-specific survival rates were not significantly different (P = 0.51).
Multivariate Cox proportional hazard model analysis was carried out for the entire cohort to determine whether the correlations for anaplasia (Table 3) and tumor cell multinucleation (Table 4 ) with outcomes were independent of the other variables. After controlling for T-stage, p16 immunohistochemical status, smoking status, and histopathologic tumor type, the presence of anaplasia still correlated significantly with worse diseasespecific survival (P = 0.036; HR 9.9). There were strong trends for worse overall (P = 0.13; HR 1.9) and diseasefree (P = 0.25; HR 1.6) survival as well. After controlling for tumor stage, p16 immunohistochemical status, smoking status, and histopathologic tumor type, the presence of multinucleation still correlated significantly with worse disease-specific survival (P = 0.021; HR 11.9). There were strong trends toward worse overall survival (P = 0.073; HR 2.2) and disease-free survival (P = 0.070; HR 2.1) with multinucleation as well.
Although we did not specifically control for extracapsular extension in the multivariate analysis (as it is only applicable to the node-positive cases), a separate analysis of only those node-positive patients with extracapsular extension data showed that there was still correlation with poorer outcome for patients with anaplasia and/or multinucleation (data not presented).
DISCUSSION
As we begin the important search for prognostic variables within the large (and rapidly growing) HPV-related oropharyngeal SCC population, the results of this study may be an important first step. Merely on the basis of the pathologist-reviewed histologic slides we have identified features that herald more aggressive cancers within the larger group. One would assume that not all p16-positive/HPV-related oropharyngeal SCCs are the same, and these study findings clearly support this notion. The concepts of anaplasia and multinucleation in oropharyngeal SCC are completely novel for this tumor type. As most have graded oropharyngeal SCC by the traditional well, moderately, and poorly differentiated terminology (which is also still that recommended by the World Health Organization since 2005 17 ), NK SCC would be classified by most as "poorly differentiated" or "high grade." As such, any nuclear anaplasia or multinucleation would go unnoticed as being just a part of the spectrum of the tumors' grade and differentiation. We specifically avoided applying a tumor "grade" or "differentiation" in our previously described, 3-tiered histologic typing system 20 to avoid the paradoxical connotation that such labels provide to the clinician about NK SCC, for they actually have the best prognosis of the 3 histologic types. We did find an interesting correlation between the presence of anaplasia and multinucleation and the degree of squamous maturation in the tumors. These features were present in increasing amounts from NK, to NK with maturation, to keratinizing-type SCC, and the overall amount/distribution of the anaplasia and multinucleation was different, with NK SCC more frequently showing these features only focally compared with the other types. What this means with regard to the biology of the tumors is not clear. However, as some have speculated that NK SCCs are actually very well differentiated and are just differentiating into the mature, but basal-appearing, cells of the normal tonsillar crypt, perhaps as the tumors progress they lose this "lock" on differentiation and gain anaplasia and/or multinucleation as they acquire more maturing squamous differentiation.
It is interesting to speculate about what anaplasia and multinucleation in these cancers actually represent biologically. These features are typically associated with genetic complexity or progression. Most carcinomas that have overt anaplasia or tumor multinucleation are not specifically singled out as being different from other overall groups of high-grade or poorly differentiated cancers. Obvious examples in which anaplasia is specifically important, however, include Wilms tumors and medulloblastomas. Among carcinomas, anaplastic thyroid, head and neck spindle cell, 8, 35 and lung sarcomatoid, giant cell, and pleomorphic carcinomas have anaplasia and multinucleation, 11, 22 but these are by definition diffuse and very obvious, and markers of cellular differentiation are frequently absent on immunohistochemical analysis or other testing in such tumors. 5, 35 This is clearly different from that seen in oropharyngeal SCC in which it must be emphasized that patients with p16-positive tumors showing anaplasia or multinucleation otherwise show the same histologic patterns of differentiation as those without and still have relatively favorable outcomes (which remain better than that of p16-negative tumors). Also, there is no apparent reduction or loss of p16 expression by these overtly abnormal cells.
Given that HPV-related oropharyngeal SCC has been shown to be less genetically complex than non-HPV-related SCC, 3, 32 the histologic features identified here might be highlighting a subset of tumors that have genetic progression. It is quite obvious just by microscopic examination of the anaplastic nuclei in these cancers ( Figs. 2 and 3 ) that they are genetically complex cells.
As the presence and amount of anaplasia and multinucleation increased as the amount of keratinization increased and as the rates of p16 positivity decreased, one could speculate that the tumors develop this change as part of losing HPV (or of never having HPV at all). The data, however, do not support this notion, for there are large numbers of p16-positive SCC cases that have anaplasia or multinucleation, and the correlation with disease recurrence and poorer survival holds even amongst just the p16-positive patients ( Fig. 5 ) and in multivariate analysis of the whole cohort controlling for p16 status.
There are other findings in p16-positive/HPVrelated oropharyngeal SCC that predict worse prognosis. These include T-stage, current smoking status, and in some studies N-stage, although not in all. 4, 12, 20, 27 Recent studies have also shown that major extracapsular extension in lymph nodes is also a modest, but significant, predictor of worse survival in the p16-positive/HPVrelated cohort of oropharyngeal SCC. 18 A few molecular markers have been suggested in recent studies, such as higher cyclin D1, higher epidermal growth factor receptor, and lower p21 expression, 9, 13, 15, 16, 26 but these are findings that are not strongly prognostic in the HPVrelated patient cohort alone. In addition, they are findings on a continuous spectrum and are method dependent as well; hence, they may not be well suited for clinical application.
The anaplasia and multinucleation observed here were based on specific criteria/cutoffs for the necessary size and number of cells in a single high-power field. Although this seems like a very tight definition, it would probably be difficult to apply in routine clinical practice. We do not know what the reproducibility of the classification of tumors as positive or negative for anaplasia or multinucleation would be amongst different pathologists. Also, we specifically reviewed only surgically resected oropharyngeal SCC cases to ensure that we were seeing all (or at least a large representation) of the overall tumor. Small biopsy specimens cannot rule out the presence of anaplasia or multinucleation for tumors, and, actually, given the focal and somewhat patchy nature of the change even in the multifocal cases, would almost certainly have poor negative predictive value for these features. As such, classifying tumors as positive or negative for these changes would only be useful in those patients undergoing primary surgery.
In summary, surgically treated oropharyngeal SCC patients whose tumors have the simple morphologic features of tumor cell anaplasia and multinucleation have almost 3 times as frequent disease recurrence and have lower disease-specific survival rates independent of all other clinical and pathologic features. As such, this appears to represent a unique pattern of tumor progression and could potentially be considered as part of a system of tumor "grading." Future studies will need to investigate these findings in a prospective cohort of patients, address the interobserver variability amongst pathologists in classifying them as present, and, most importantly, address the underlying cellular mechanisms, particularly the genetics, of such tumors. 
